Quality Assurance of ultrasound systems is necessary to ensure the reliability of results and to check for deterioration in performance; a number of bodies have produced guidelines. Testing has traditionally been the responsibility of Medical Physics Departments but the important role of sonographers has been recognised and recent publications have included tests to be performed by ultrasound users. Since there are differences in approach between these publications the BMUS QA Working Party was established to provide a consistent set of guidelines specifically for sonographers. Three levels of testing are recommended, to include infection control and inspections for scanner and probe damage, basic display checks and further tests to assess drop-out, sensitivity and noise. These tests should form part of a programme that includes more comprehensive testing at longer intervals, perhaps by a Medical Physics Department.
Introduction
The purpose of quality assurance (QA) of ultrasound systems is to ensure that consistent, reliable results are provided and to check for deterioration of equipment performance. A number of UK standard setting and professional bodies require or recommend QA and have produced publications relevant to ultrasound. [1] [2] [3] [4] [5] [6] [7] Traditionally, QA performance testing has been seen as the domain of the Medical Physics Department, involving extensive use of tissue mimicking phantoms (TMPs) and other test devices. Over time it has been recognised that sonographers have an essential role in the QA of ultrasound scanners.
The perceived importance of such tests has been somewhat eroded by the misconception that many of the issues they look for can readily be observed during routine scanning and appropriate action taken. Whilst this may have been the case several years ago, the level of processing applied to routine presets on an ultrasound scanner often masks such issues. It is therefore necessary to undertake tests where the minimum of image processing is applied and fundamental problems can then be readily observed.
QA guidelines have been produced by the IPEM (2010) 7 the AIUM (2008) 8 and EFSUMB (2012), 9 all of which involve tests performed by sonographers. However, the three organisations suggest slightly different approaches for sonographers' testing.
The purpose of these BMUS guidelines is to put in one place relevant guidelines for QA for sonographers including protocols, while at the same time trying to be consistent with the existing guidance above. Sonographer QA should be seen as part of a programme that includes more comprehensive testing at longer intervals, which may be provided by a Medical Physics Department. 7, 9 The guidelines have been trialled by sonographers in several centres, and their feedback incorporated into the final version.
Guidelines
These are guidelines for the performance of QA on ultrasound systems by sonographers. There are three levels of QA:
. Level 1. Infection control and scanner damage . Level 2. Basic scanner and transducer testing . Level 3. Further scanner and transducer testing Level 1 procedures have a two-fold purpose. The first is to ensure that the scanner is clean and that infection control risks to patients and staff are minimised. Secondly, checks are performed to detect any damage to the scanner, especially to the transducers and their cables. Infection control measures are relevant for every patient so that some of these actions are performed several times each day. Checks for scanner damage are performed weekly.
Level 2 procedures ensure appropriate setting of video monitor controls for consistency of imaging. They also provide a first-line evaluation of scanner performance but without the use of test tools or test objects. These tests are performed daily.
Level 3 procedures provide further evaluation of scanner performance using a very simple test tool. These checks are designed to look for scanner faults and are performed monthly.
Level 1 and 2 tests should form part of the ongoing activities of the sonographer and should not require dedicated time to be set aside, other than for simple documentation at the end of the day. Level 3 tests do require the sonographer to set aside dedicated time. Trialling of these guidelines suggest that this is no more than 15 minutes per week per scanner to perform the tests, document the results, undertake any follow-up action and return the scanner settings to their usual values.
The guidelines are contained in the tables below. These provide details of the task, the recommended frequency of performance of the task, relevant action levels and action to be taken in the event that a fault is detected. Details of protocols are provided in the appendix. Faults or results out of tolerance should be notified to the locally identified responsible person, for example the department manager or the Medical Physics Department, who will decide on further action according to local procedures, including any testing with TMP.
Level 1. Infection control and scanner damage
Weekly checks should be performed either before switching the scanner on or after switching it off.
Identifier
Task Frequency A manufacturer-approved screen cleaner is also acceptable. Avoid paper towels as these can scratch the screen. Avoid ammonia-based products as these can damage flat screen LCD monitors.
1.5. Checking of main scanner controls. Check that the most used controls are functioning normally, and that there are no faults such as controls which fail to respond or stick, or respond intermittently. 1.6. Inspection of transducers. Visually inspect all transducers for signs of wear and damage. The transducer generally consists of a hard plastic casing bonded to a lens for the active scanning face. The lens may be hard but is more often a softer material and is prone to splits/cuts, abrasive wear, lifting and bubbling. Attention needs to be paid to the edge of the lens where it is bonded to the plastic casing. Applying a light pressure to the probe at the junction between the lens and plastic casing may reveal movement suggesting damage to the bonding. Abrasive wear may show itself as either a dulling or shining or change in texture of the lens and is most common at one or more of the corners, sometimes demonstrating complete wearing of the lens allowing ultrasound elements to be seen. The hard plastic casing needs to be inspected for hairline cracks. It is noted that incorrect use of cleaning agents can result in the casing becoming brittle, making it prone to stress fractures; they may also react with the lens material indicated by colour or surface texture changes. Minor damage should be noted and the responsible person informed. Major damage should result in the probe being taken out of service for further inspection and potentially replacement or repair. All instances where the integrity is compromised, such that gel or water may ingress, should be treated as major and the probe subjected to electrical safety tests as an applied part. 1.7. Inspection for damage to controls. Visually inspect the controls for signs of wear or abrasion. Non-sealed knobs should be inspected for ingress of scanning gel. 1.8. Inspection of cables. This should be performed with the scanner switched off. Inspect the probe cables, mains cables, plugs and cables to any attached peripherals for damage. Running the cable carefully through your hand, gently pinching the cable between the thumb, first and second finger will reveal any cuts, abrasions, twisting or deformation or stress internal to the cable. It can also be useful to examine the outer sleeves, looking for a change in shade or colour. Disconnect the probes (never do this with the probe operating) and check the connectors for physical damage and signs of stress (e.g. twisted or misaligned pins, abrasion or corrosion for surface connections). Damage should be noted and the responsible person informed. 1.9. Inspection of the console and main body of the scanner. Visually inspect the ultrasound system for bumps and dents which may have been caused during transport of the scanner, or from other equipment crashing into the scanner, or in the case of portable or trolley-based equipment from being dropped. Also check the movement and locking mechanism of any moving parts, e.g. video monitor, console and keyboard. Faults or damage should be noted and the responsible person informed. 1.10. Brake and wheel function. If the scanner is used in a single location, then check it for stability (namely that the brakes are holding it securely). If the scanner is moved to various locations then unlock the brakes and check the system for smooth movement ensuring that there is no pull or drag and that one pair of wheels can be locked in position for ease of steering; then re-engage the brakes at the working position and check the system for stability. Damage should be noted and the responsible person informed. trapezoidal and compound imaging, as these may mask faults. With the probe operating in air and free of gel, inspect the reverberation pattern for axial banding (dropout), which would indicate a failure of the element, cable, connector or transmit/receive channel. Note that on many probes subtle non-uniformity is normal. If there is any suspicion of a fault, perform Level 3 testing and report to the responsible person. Reference images may be stored to the local hard drive or to PACS to assist with the observation of change. Note that any shadows or streaks arising from the proximal part of clinical images are likely to represent a more serious fault and should be immediately reported to the responsible person.
Level 3
3.1. Air reverberation pattern (sensitivity). Operate the transducer dry in air. Use settings recorded at baseline, as described below, i.e. select appropriate preset; select a fundamental frequency (not harmonic); alter output to 100%; increase the overall gain to maximum and ensure Time Gain Compensation (TGC) sliders are positioned centrally (or as set at baseline); move a single focus to the most superficial setting; turn off compounding, trapezoidal imaging and realtime adaptive image processing, e.g. XRes and Precision. A reverberation pattern should be seen consisting of a series of lines parallel to the transducer face. There may be some symmetric structure to the pattern as a result of the beam-former operation. Any local change in the reverberation pattern may indicate dropout. Adjust the scale so that the full face of the transducer is in the image and if possible such that the reverberations occupy at least 25% of the image depth (more care is needed for linear transducers). Measure and record the distance from the top of the image to the deepest visible reverberation in the centre of the image, as shown in Figure 1 . Record the image and note and report any changes to images recorded at baseline.
Element dropout test. This test should be per-
formed if dropout is suspected in 2.4 or 3.1 above. With settings as for 3.1 run the smooth edge of a paperclip along the probe (for hard lenses a smear of water may be needed to improve coupling). The paperclip will produce strong echoes localised at the point of contact ( Figure  2(a) ). Any loss of echoes (Figure 2(b) ) indicates element dropout, which is likely to be clinically significant. Any abnormal findings should be reported to the responsible person. 3.3. Electronic noise assessment. Using the settings for the above measurements, reduce the overall gain to the point where noise has just disappeared from the image (Figure 3 ; normally disappears last at the bottom of the image) and record the gain value as the noise threshold. Note and report any change from the baseline. Note that it can occasionally be helpful to reduce superficial TGC to eliminate bright reverberation lines. If noise is not seen at the depth setting used in 3.1 this test may be performed at a greater depth as long as this is recorded as the standard setting. Pulsed 
Baselines and tolerances for Level 3
In organisations with Medical Physics or Clinical Engineering Departments, there will probably be staff with the expertise to set baselines and provide more comprehensive testing and advice.
Operate the transducer dry in air. Select a commonly used preset, using a factory version where possible (as this is less likely to be changed). Select a fundamental frequency, i.e. not harmonic. Alter output to maximum. Increase the overall gain to maximum and ensure TGC sliders are positioned centrally (unless there is no central click, when they should be set to maximum). Move a single focus to the most superficial setting. Turn off compounding, trapezoidal imaging and any real-time adaptive image Adjust the scale so that the reverberations occupy at least 25% of the image depth, with the full face of the transducer in the image. Measure and record the distance from the top of the image to the deepest visible reverberation in the centre of the image. Record the image. Record the result as the baseline for the air reverberation pattern test and record AE the distance to the adjacent reverberation line as the tolerance. Note the preset, frequency and all adjustments made, to allow the test to be repeated reproducibly.
Note that for phased array probes a clear reverberation pattern will not be seen. Reverberation echoes will be seen as a haze and great care is required in determining the measurement point and tolerances.
Using the settings for the above measurement, reduce the overall gain to the point where noise has just disappeared from the image (normally disappears last at the bottom of the image) and record this as the noise threshold. The tolerance must be subjectively set and may be determined by repeating the measurement and establishing a range of likely results, which may be modified after gaining experience performing the test routinely. Note that it can be helpful to reduce superficial TGC to eliminate bright reverberation lines. If noise is not seen at the depth setting used above, this test may be performed at a greater depth as long as this is recorded as the standard setting.
PW Doppler and CFI may be tested in the same way; for PW record the default frequency, move the range gate to the centre of the image and reduce gain until noise just disappears; for CFI record the default frequency, move the colour box to the bottom centre of the image and reduce gain until noise just disappears. 
